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We continued the iden t i f i ca t ion  of pes ts  and pa ra s i t e s  on crops 
and other hos ts ,  studied t h e i r  seasonal var ia t ion  and how they a f f ec t  
and are  affected by d i f f e r en t  crops,  crop systems and seasons. Surveys 
of the  pa ra s i t e s  and predators of Heliothis were ccntinued and attempts 
were made t o  rear sane. The pes t  problems of ro le  and in tercrops ,  
using sorghum/pigeonpea, received continued a t tent ion  both a t  t he  
research centre and i n  farmers' f i e l d s .  Maire/pigempea intercropping 
wae a l so  studied.  More emphasis was, hwever ,  given t o  the  On-fann 
t e s t i n g  of t he  ICRISAT Vert iso l  watershed technology a t  Taddanpally, a 
v i l l age  43 km north-west of ICRISAT center.  
In t h i s  year we concentrated much of our work i n  t he  fanners '  
f i e l d s  of Taddanpally, 4 3  kin from ICRISAT cen t r e  where fanners  were 
persuaded by t h e  D i s t r i c t  Department of Agriculture t o  t e s t  t h e  
ICRISAT V e r t i s o l  watershed based cropping technology. In t h e  15.42 
hectares  area of t h e  technology t e s t i n g  t h e  following crop systems 
were g r m .  








Mungbe an safflower 
Mungbean c h i l l i e s  
Mungbe an chickpea + sorghum 
Fallow c h i l l i e s  
Hectares 
We recorded the  populations of t he  i n s e c t  p e s t s  and t h e i r  na tu ra l  
enemies, mainly on c e r e a l s  and pu l se s ,  and monitored the  farmers 
pes t  con t ro l  e f f o r t s .  
Pes t s  and t h e i r  n a t u r a l  enemies 
The incidence of sane of t h e  p e s t s  recorded on 39-41 day old 
sorghum and maize i n  given in t a b l e  1. The sorghum dead-hearts caused 
by shoo t f ly  Atherigona,soccata were l e e s  than 2 2 ,  both in t h e  kharif 
Table 1. Percentage i n f e s t a t i o n  on 39-41 day o l d  k h a r i f  sorghum and maize 
by d i f f e r e n t  pests,  a t  Taddanpally V e r t i s o l  watershed, 1981-82 
Percent p l a n t s  i n f e s t e d  w i th**  
Crop systems Shoot f l y  Shoot f l y  Chi l o  p i n -  Chi l o  Aphids Mythimna 
eggs dead hear ts  m e s  R, SPP 
hear ts  maidis 
Sole  c rop*  
Maize 
I n t e r c r o p  
Sorghum1 
pigeonpea 2 .O 1.1 2.3 1.0 93.9 6.5 
Maize1 
p i  geonpea 
*Sole s o r g h m  was k i l l e d  by Striga 
**Observations were made on 2000 p l a n t s  
and r a b i ,  ever. though t h r e e  f ishmeal  t r a p s  t h a t  were operated i n  t h e  
watershed caught 19925 a d u l t s  i n  August and 9212 i n  Novamber (Table 2 ) .  
The low incidence of t h e  shootfly i n  t h e  kharif  could be because of t h e  
e a r l y  sowing ( e a r l y  June) of t h e  crop which r e s u l t e d  in  t h e  escape 
of t h e  vulnerable s tage  of t h e  crop which i s  t h e  seedling s tage .  
The dead h e a t s  caused by t h e  stam borer  p a r t e l l u s  were a l s o  
low, being around 1 per  cent  both i n  the sorghum and maize. The 
catches i n  t h r e e  water-based sex-pheranone t r a p s  t h a t  were operated 
i n  t h e  watershed were low except i n  February and March. These ca tches  
may have been t h e  r e s u l t  of the  emergence of moths f r a n  t h e  s t a l k  l e f t  
over i n  t h e  f i e l d s  a f t e r  harves t .  In  s p l i t t i n g  t h e  s t a l k s  a f t e r  
harves t ,  10% s t a l k s  of t h e  kharif  and 15.7% of t h e  r a b i  ware found t o  
c a t a i n  la rvae .  
Mythirnna spp caused l i t t l e  damage. The aphid Rhopalosiphum 
maidis  was p r e s e n t  on almost a l l  p l a n t s  of sorghum and maize but  caused 
l i t t l e  s tun t ing .  Other p e s t s  including Calocoris  angustatus,  Eublennna 
s i l i c u l a n a  and Euproctis  subnotata were a l s o  presen t  but  i n  i n s u f f i c i e n t  
pcpula t ions  t o  cause concern. The lady b i r d  b e e t l e  Menochilus E- 
maculatus was found a c t i v e l y  feeding on aphids on sorghum and maize. 
H e l i o t h i s  populat ion 
H e l i o t h i s  armigera was recorded across  a l l  the  crops i n  the 
watershed. I n  July-August it was on mungbean, i n  August-September m 
sorghum and maize, in Octaber-January on pigeonpea, chickpea and 
saf f lower  (Fig.  1). Rabi sorghum had small  populat ion i n  January- 
February. The counts on these  crops were canpared with t h e  ca tches  
Table 2 .  Monthly catches of sorghum shoot f l y  Atherigona spp and t h e  
stem borer Chilo p a r t e l l u s  (Swinhoe) i n  three  traps a t  
Taddanpal l y  V e r t i  sol watershed, 1981-82 




September 16500 6 
October 8082 7 





Apri 1 ** 
- - -- - -- - 
*Catches from 15-30th June 
**Catches from 1 4 t h  A p r i l  

i n  two sex-phercmone t r a p s  which were operated throughout t h e  y e a  on 
t h e  bunds. The ca tches  i n  r e l a t i o n  t c  t h e  t c t a l  es t imate  of t h e  l a r v a l  
popula t ion  i n  t h e  V e r t i s o l  watershed a re  ~ i v e n  In  Fla. 2 .  K.  armigera 
th rea tened  piqeonpea frcm t h e  time of f lower ing .  We recorded i t s  
popula t ion  i n  most of t h e  f i e l d s  and advised t h e  farmers on t h e  spraying 
of t h e  crop.  The mean s m a r i s e d  da ta  recorded from t h e  pigeonpea f o r  
t h i s  p e s t  and i ts p a r a s i t i s m  a r e  glven i n  t a b l e  3 .  Ega p a r a s i t i s m ,  
a s  expected,  was n i l  bu t  up t o  10% of t h e  la rvae  were found p a r a s i t i s e d ,  
l a r g e l y  by t h e  d i p t e r a n  Carce l ia  ~ l l o t a .  
On sorghum and chickpea,  H e l i o t h i s  l a rvae  were found t o  be  
g r e a t l y  p a r a s i t i s e d  (50-60%) by Campoletis ch lor ideae .  Of t h e  o t h e r  
p e s t s ,  t h e  podfly ~ e l a n & r a n ~ z a  obtusa was ~ m p o r t a n t  on pigeonpea, b u t  
h 
was s t u d i e d  only In  t h e  pod a n a l y s i s  wcrk. 
P l a n t  P r o t e c t i o n  
Most of t h e  crops grew wel l  throughout without  any need f o r  
i n s e c t i c i d a l  a p p l i c a t i o n  but  t h e  piqeonpea and chickpea had more 
a t t a c k  of H e l i o t h i s  and would have b e n e f i t t e d  by wel l  timed and 
c o r r e c t l y  appl ied  p e s t i c i d e  use.  This  problem, was a n t i c i p a t e d  and 
was d i scussed  wi th  t h e  D i s t r i c t  Department of Agr icu l ture  w e l l  i n  
advance s o  t h a t  they could supply i n s e c t i c i d e s  and s p r a y e r s  t o  t h e  
fanners .  DDT was made a v a i l a b l e  t o  t h e  farmers a t  a 50% subs idy  and 
s p r a y e r s  were provided without  any charge.  The fanners  were shown 
hau t o  apply i n s e c t i c i d e  wi th  the  hand-operated and motorized 
knapsacks. Most of t h e  farmers sprayed t h e i r  crops twice  w i t h  DDT 
and some used quinalphos (Ekalux) and mdosul fan  (Thiodon). An 
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T a b l e  3. H e l i o t h i s  a m i g e r a  p o p u l a t i o n s  t h e  peak a c t i v i t y  p e r i o d  (November) 
and i t s  p a r a s i t i s m  r e r o r d e d  on pigeonpeas i n  s o l e  and i n t e r c r o p s ,  
T a d d a n p a l l y ,  1981-82 
Pes t  (No. ) / l o 0  P e r c e n t  p a r a s i t i s m  
t e r m i n a l s  a t  a t  peak p e s t  a c t i v i t y  
Cropy sys tem & v a r i e t y  peak a c t i v i t y  
Eggs Larvae Egg L a r v a l  
jn=50) (n.50) 
So le  c r o p *  
Pigeonpea ( ICP-1)  5 3 . 5  14.5 0 .0  10.0 
I n t e r c r o p  
Sor.  /PP ( I C P - I )  30.5 17.0 0 .0  8.0 
Maize/PP ( ICP-1) 1 4 . 0  21.5 0 . 0  10.0 
Mai ze/PP (ST-1 ) 24.0 13.5 0 . 0  0.0 
*So le  p igeonpea ( ICP-1)  a v a i l a b l e  i n  t h e  nearby  f a r m e r s '  f i e l d  was s t u d i e d  
f o r  n o  s o l e  c r o p  o f  p igeonpea was t a k e n  i n  Taddanpa l l y  V e r t i s o l  wa te rshed .  
In  s p i t e  of t h e  a p p l i c a t i o n  of i n s e c t i c i d e s ,  pigeonpea crop 
suf fe red  a g r e a t  loss  because of t h e  f o l l w i n g  reasons.  
i )  Most farmers used DDT at. n dosage much lower than t h e  
recamended 2 kq of 50% WP/na. Other i n s e c t i c i d e s  were 
a l s o  used a t  r a t e s  much lower than t h e  recamended r a t e s  
of t h e  Department of Aqr icu l ture .  
i i l  Spraying was no t  done at  t h e  cor rec t  t ime,  i n  s p i t e  of 
our advlce.  In  most cases t h e  farmers waited u n t i l  t h e  
la rvae  were l a r g e  before spraying.  
iii) Farmers had no previous experience i n  handling i n s e c t i c i d e s ,  
t h e i r  formulat ions and s p r a y e r s ,  and they d i d  no t  ob ta in  a 
good c w e r a g e  on t h e  g l a n t s .  
Pigeonpea pod a n a l y s i s  
We c o l l e c t e d  t h e  pod samples f r a n  8 p l o t s  and analysed t h e m  
t o  determine t h e  damaqe i n f l i c t e d  t o  pigeonpea pods by d i f f e r e n t  p e s t s .  
The r e s u l t s  of the  pod analyses a r e  given i n  Table 4. The t o t a l  pod 
damage averaged 62% of which borer  damage averaqed 45% and t h a t  of t h e  
podfly 19%. The damage due t o  o ther  p e s t s  was n e g l i g i b l e .  
Table 4. Resu l t s  o f  pcd damge assessments o f  i n s e c t i c i d e  t r e a t e d  pigeonpea 
c u l t i v a r s  g r o w  as i n t e r c r o p  i n  Taddanpal ly  V e r t i s o l  watershed, 
1981-82 
Pod damage (mean) percen t *  
No, o f  Y i e l d  
Crop s y s t e m s / c u l t i v a r  pods Borer  Pod f l y  Hymenoptera Bruch id  T o t a l  kgfha 
analysed 
Maf z e l p i  geonpea 
ICP-1 7178 37.2 19.6 0.8 0.1 55.8 625 
ST-1 3625 50.9 14.7 1.7 0.5 62.7 574 
---------------------------*--------.----------------------------- 
Mean 45.2 18.6 2.1 0.5 62.2 520 
SE + m a n  6.2 4 . 6  0.7 0.2 4.4 10.5 
CD a t  5% - 4 7 . i S  
F t e s t  - S 
*Figures a re  average o f  2 r e p l i c a t e s  
LIGHT TRAP STUDIES 
We have been monitoring i n s e c t s  with l i g h t  t r a p s  s i n c e  1974. 
U n t i l  1976, we had only one t r a p  which was o u t s i d e  t h e  ICRISAT boundary, 
about  200 m away f r a  t h e  nor thern f ence .  Since t h e n ,  we have ope ra ted  
t h r e e  t r a p s  placed s u i t a b l y  t o  sample cropping a r e a  of  ICRISAT c e n t e r .  
We have informat ion on more than 70  s p e c i e s  of i n s e c t s  inc lud ing  
p a r a s i t e s  and p r e d a t o r s ,  over the  y e a r s .  Th i s  informat ion i s  being 
u t i l i s e d  t o  moni tor  t h e  i n f e s t a t i a r  of  i n s e c t s  i n  t h e  f i e l d .  To 
determine t h e  populat ions  c i  i n s e c t s  i n  d i f f e r e n t  c l i m a t i c  a r e a s  and 
t o  s tudy  t h e  p o s s i b i l i t y  of miq ra t ion ,  a s  has been suspected i n  
sane of t h e  i n s e c t s ,  we a re  ope ra t ing  t r a p s  a t  H i s sa r  and Gwalior,and 
have convinced sane of the  n a t i o n a l  s c i e n t i s t s  t o  extend t h e i r  
cooperat ion.  Out of e i g h t  o the r  c e n t r e s  where we have suppl ied our  
t r a p s ,  s i x  c e n t r e s  a r e  f i n d i n q  d i f f i c u l t i e s  i n  ope ra t ing  them, 
p a r t i c u l a r l y  because of the  problem of the  t h e f t  of mercury bu lbs  and 
e l e c t r i c i t y  f a i l u r e .  F igure  3 shows t h e  t r end  of popu la t ion  of H e l i o t h i s  
armigera  a t  f o u r  l c c a t i o n s ,  ranging fran the  nor th  t o  t h e  sou th  of I n d i a .  
The p e r i o d s  of a c t i v i t y  of H e l i o t h i s  d i f f e r  from p lace  t o  p l ace .  
I n  g e n e r a l ,  no r th  I n d i a  (Hissar  and Gwalior! w i tnesses  most H .  a rmigera  
- -  
a c t i v i t y  around March-April while i n  t h e s o u t h  t h e  peak i s  around 
December. There is c e r t a i n l y  a r e l a t i o n s h i p  between t h e  peak c a t c h  
per iod,  t h e  a v a i l a b i l i t y  of vu lne rab le  crops  and the  c l imate  i n  a given 
a r e a .  Since we have a l imi t ed  spread of o p e r a t i c n a l  l i g h t  t r a p s ,  we 
cannot y e t  determine the  r e l a t i v e  e f f e c t s  of crops  and c l ima te  nor  can 
we confi rm t h e  incidence of mig ra t ion .  For I W S A T  c e n t e r  we think 
that t h e  t h r e e  peak a c t i v i t y  p e r i o d s  of H e l i o t h i s  (Fig.  4) can be 
siraply exp la ined .  The' September peak correspcnds t o  emergence of 
Pig 3: Light trap catcher of Heliothis a r m i w r  at  four r i W  
i n  India (June to &yl 
l i l , l , ; l l l , . l  
Jun J U ~  Aug Sep Oct Nov Dec Jm Feb bt Aar hq 
: . < a .  4: MOntr.,: c d t i h e .  o! i : .  .,:rnioe! I n  l l q h t  tra?s a t  I C h I .  iT center  
- 
from 1 9 7 i - 7 8  t c .  ' " C 7 - R 2  ( a v r  ... :e r x f  3 t r a j  s )  
pupae f r a n  groundnuts and a t t r a c t i o n  to the  flowering and gra in  
f i l l i n g  i n  sorghum and m i l i e t ,  t h e  December peak t o  t h e  f lowering 
and padding i n  pigeonpea and graving of chickpea, and t h e  Apr i l  peak 
may be a r e s u l t  of t h e  a d u l t s  emerginq fran t h e  la rge  number of l a rvae  
which f e d  upon pigeonpea and chickpea. However, t h i s  peak appears t o  
be t o o  l a t e  t o  be explained by larvae feeding on the  p u l s e s ,  f o r  
populat ions of such larvae dec l ine  i n  February. The A p r i l  peak of 
moths would appear t o  have l i t t l e  opportunity t o  i n f e s t  any crop 
o t h e r  than i r r i g a t e d  tomatoes i n  t h e  fanners '  f i e l d s .  
To supplement t h e  l i q h t  t r a p  network, we have s t a r t e d  monitoring 
H e l i o t h i s  armigera presen t ly  with s y n t h e t i c  sex-pheranone. The d e t a i l e d  
account of t h i s  work can be seen i n  t h e  Pigeonpea Prcqress Report - 9 
(1981-82). 
Light- trap catches of p e s t s  
In  t h i s  year ,  t h e  l i g h t  t r a p  catches of t h e  p e s t s  of p u l s e s  were 
h igher  while those of c e r e a l s  and o ther  crops were lower than i n  t h e  
p a s t  4 years  (Table 5 ) .  The t o t a l  catch of H e l i o t h i s  armigera (37524), 
was much g r e a t e r  than t h e  5 year  average (18007). The ca tch  of Adisura 
marg ina l i s  was seven t imes and t h a t  of A. s t igmat ica  and E t i e l l a  
e i A e n e l l a  two o r  t h r e e  times g r e a t e r  than i n  t h e  previous four  y e a r s .  
n
The ca tches  of p a r t e l l u s  were much l e s s  than t h e  ca tches  of 
t h e  prev ious  two years .  Nythimna spp catct  e s  were a l s o  r e l a t i v e l y  
low, and Mythimna s e p a r a t a  catches have been dec l in ing  over t h e  r e c e n t  
years. 
m a - -  
N o o m 0 3  
m a w  
m a m 
The red co t ton  bug Dysdercus sl was a l s o  caught i n  lower nlrmkrs 
t h a n  i n  e a r l i e r  years .  The peak of 59,345 bugs i n  1980-81 reduced t o  
4924 i n  1981-82. The co t ton  bollworm Ear ias  spp appear t o  have 
been reducing over t h e  years .  
*adoptera spp have shown a s l i g h t  d e c l i n e  over t h e  y e a r s  bu t  5. 
L i t u r a  has been tak ing  a heavy t o l l  of t h e  r a b i  groundnuts. I t  i s  
p o s s i b l e  t h a t  t h e  reduc t ions  of t h e  ca tches  a r e  assoc ia ted  with more 
e f f e c t i v e  crop p r o t e c t i o n  on ICRISAT c e n t e r .  
The d i s t r i b u t i o n  of ca tches  of these  i n s e c t s  over seasons of t h e  
year  a r e  given i n  appendix 2 .  The d a t a  i n d i c a t e  no sharp d e v i a t i o n  
f r a n  t h e  genera l  t rend  i n  t h e  case of most of i n s e c t s .  For H e l i o t h i s  
armigera,  however, t h e r e  appeared t o  be contLnuous i n c r e a s e  i n  
popula t ion  r i g h t  £ ran  ~une-December, wlthout t h e  decrease i n  t h e  month 
of October, which has been observed i n  a11 previous years .  
P a r a s i t e s  and p r e d a t o r s  
We have not  w r i t t e n  much about Light t r a p  catches of p a r a s i t e s  and 
p r e d a t o r s  i n  our e a r l i e r  r e p o r t s ,  but  we have been recording d a t a  m 
t h e s e  i n  each year .  The ca tches  f ran our V e r t i s o l  watershed l i g h t  
t r a p  of t h e  hymenopterans, Barichneumon s p ,  Enicospilus sp  and 
Temelucha s p  which a r e  p a r a s i t i c  on H e l i o t h i s  spp a r e  given f o r  t h e  
l a s t  t h r e e  years  i n  Table 6 .  Ali t h e  t h r e e  p a r a s i t e s  were most p r e v a l e n t  
f r a n  September-December. Over t h e  t h r e e  years  t h e  f i r s t  two p a r a s i t e s  
d i d  n o t  d i f f e r  much i n  t h e i r  catches but  Temelucha s p  increased  
cons iderab ly  i n  1981-82, with peak a c t i v i t y  i n  November and May. 

Tha ca tches  of two preda tors  t h e  reduviid Ec t rychotes  dispar 
and t h e  prey ing  mantids a r e  given i n  Table 7 .  The preying rnantids 
popula t ion  remained more or l e s s  cons tan t  w e r  t h e  y e a r s  but  
Ec t rychotes  d i s p a r  increased  considerably.  
I n  a  monthly c o l l e c t i o n  of Enicospilus spp fran t h e  l i g h t  t r a p  
i n  1980, which we s e n t  t o  t h e  B r i t i s h  MUseUn, London, M r  Ian Gauld 
i d e n t i f i e d  a t o t a l  of 32 spec ies  of which 25 belonged t o  t h e  g m u a  
E n i c o s p i l u s ,  4 t o  Netel ia ,  2 t o  Dicamptus and 1 t o  Laptophion. The 
d i s t r i b u t i o n  of t h e s e  spec ies  over t h e  months i n  1980 is g iven  i n  
t a b l e  8. 
Table 7, Monthly catches of two predators i n  the Ver t i so l  watershed 
l i g h t  t rap  (1979-82) 
Ectrychotes dispar Preying Mantids 
Month 1979-80 1980-81 1981-82 1979-80 1980-81 1981-82 
June 0 0 0 0 0 0 
J u l y  1 0 1 2 0 0 
August 0 0 0 15 12 2 
September 0 9 27 6 29 9 
October 3 11 7 6 4 6 10 
November 1 2 2 2 2 1 
December 0 0 0 1 0 0 
January 0 0 0 2 0 1 
February 0 0 0 4 0 6 
March 0 0 0 2 0 3 
A p r i l  0 0 0 2 0 1 
Tota l  5 22 106 40 49 34 
Table 8.  Mcmthly catches of Enicospilus and related species i n  three l i ght  
traps at ICRISAT Center, 1980. 
STUDIES ON INTERCROPPING 
For t h e  pas t  5 years  we have been studying t h e  s o r y h r q l p i q e ~ p u  
i n t e r c r o p  in camparism v i t h  so le  craps and have &served oonoistmntly 
t h a t  t h e  intercropping has l i t t l e  e f f e c t  on the  pes t  inc idenm on t& 
canpcment crops but  does have an advantage i n  reducing t h e  i n d d a n a  
of sane d i seases .  To c m f i m  our e a r l i e r  observations per ta in ing  to 
this system, this year a l s o  we ra i sed  an unsprayed r e p l i c a t e  apno vc 
i n t e r c r o p  t r i a l  of sorghum (CSH-6) and pigecnpea (ICP-1) m a f a i r l y  
la rge  f i e l d  (each p l o t  0.4 ha] i n  t h e  Ver t i so l  watershed of the  ICRZSAT 
center .  We a l s o  t e s t e d  mono vs in te rc rops  of maize (Deccan W-101) 
and p igwnpea  (ICP-1). Observations i n  farmers' f i e l d s  on these crcpping 
systems i n  v i l l a g e s  Choutkur (45 !an Nw) and Tandmr (80 km SW) w r e  a h o  
recorded. 
Sorghum: The incidence of the  shootfly Atherigona soccata and tho 
s t e m  borer  p a r t e l l u s  was, i n  general ,  1-r than i n  t h e  p r e v i o u  
2-3 years.  A t  ICRISAT Center, 1.2% of the p l a n t s  i n  t h e  s o l e  c rcps  and 
0.28 i n  the in te rc rops  showed dead hear t s  due t o  shootf ly.  dead 
hearts, both in  so le  and intercropo,were below 18. Maxima of 8 and 
3 la rvae  of Mythimna separa ta  were recorded per  100 earhsads i n  s o l e  
and i n t e r c r o p s  respectively.  Maxima of 20 and 128 earheads were recorded 
t o  have Calocoris angustatus bugs i n  t h e  so le  and in te rc rops ,  respec t ive ly .  
The peroentage of p lan ts  carrying aphids was i n  the  range of 60-9& 
across bOth the systams. 
Hel io th i s  i n f e s t a t i w  was lower than i n  the  previous year .  
Wa recorded mean maxima of 98 and 68 larvae/100 earheads i n  s o l e  and 
i n t e r c r o p s ,  respec t ive ly ,  canpared with 146 and 162 i n  t h e  p r . v i o u  
Paras i t i sm i n  He l io th i s  larvae was recorded t o  be 28.60 (n = 416) 
i n  t h e  s o l e  sorghum and 36.3% (n = 2 3 6 )  i n  t h e  intercropped sorghum. 
However, low paras i t i sms  were recorded in the  fanners '  f i e l d s  (2 t o  11\) 
Most p a r a s i t i s m  was by Campoletis chlorideae.  We recorded, a t  ICRISAT 
Center ,  an average of 22  cocoons of t h i s  p a r a s i t e  on 100 earheads 
canpared t o  32, 90, 58 and 38 i n  1980-81, 1979-80, 1978-79, and 1977-78 
r e s p e c t i v e l y .  Egg paras i t i sm by Trichogramma s p ~  was 58% (n = 200).  a 
f i g u r e  higher  than any recorded a t  ICRISAT Center i n  t h e  l a s t  3 y e a r s  
(1980-81 - 40%, 1979-80 - 48%, and 1978-79 - 5 2 % ) .  
Maize: The incidence of the  stem borer  p a r t e l l u s  was n e g l i g i b l e ,  
-
0 .1  and 0.4% p l a n t s  showing dead h e a r t s  i n  the  s o l e  and i n t e r c r o p e  
r e s p e c t i v e l y .  The aphid populat ion was predominant i n  t h e  e a r l y  s t a g e  
of t h e  crop and caused considerable  l o s s  of p lan t s .  An average o f  788 
of t h e  p l a n t s  were seen i n f e s t e d  with aphids. 
H e l i o t h i s  i n f e s t a t i o n  was a l s o  lw. Larvae were seen on t h e  top 
of t h e  cob i n  t h e  s i l k .  Maxima of 13.5 and 16 l a rvae  were recorded p e r  
100 cobs i n  t h e  s o l e  and i n t e r c r o p s ,  r espec t ive ly .  The l a m a 1  
p a r a s i t i s m  was a l s o  low, 8.9% (n = 34) and 3.0% (n = 33) i n  t h e  s o l e  
and i n t e r c r o p s  , respec t ive ly .  
Pigeonpea: The p e s t #  incidence u n t i l  f lowering,  a s  expected,  was 
negligible. The l ea f  webber Eucosma c r i t i c a  damaged sane l eaves ,  but  its 
populat ion d i d  not exceed t h r e e  l a rvae /p lan t  both i n  s o l e  and i n t e r c r o p e .  
The H e l i o t h i s  incidence s t a r t e d  f r a n  mid October with maximum egg 
laying i n  e a r l y  Novamb.r bo th  a t  ICRISAT c e n t e r  and i n  the f a n n e r s '  
f i e l d s .  At ICRISAT Center, during t h e  peak a c t i v i t y  pe r iod ,  80 eggs/ 
100 teminals were recorded i n  t h e  s o l e  crop and 183 and 86.5 eggs/ 
on t h e  pigeonpea i n  sorghum and maize ln te rc rops ,  r espec t ive ly .  Larval 
a c t i v i t y  which followed closely the  egg populat ion,  was recorded as 3 3 . 5  
larvae/100 terminals  i n  t h e  so le  and 28.0 and 31 .5  i n  sorghum and maize 
in te rc rops ,  respect ively (Table 9)  . 
Egg paras i t i sm,  as  expected, was very low (c  0.1b) on piqeonpea, 
although Trichogramma sp paras i t i sed  58% of the eqqs on sorghum. Fur the r ,  
hyhenopteran l a r v a l  parasi t ism,  which was ccmunon on sorghum and maize, was 
absent on pigeonpea. Dipteran parasi t ism was a l s o  low ( s o l e  pigeonpea = 
0.73% n = 275; pigeonpea intercropped with sorqhum = 8 .3 ,  n = 244; 
pigeonpea intercropped with maize = 3 . 5 ,  n = 2 6 2 ) .  
Insec t  induced y ie ld  losses ,  calculated by using the a c t u a l  weight 
of damaged and undamaged pcds and seeds and then ca lcu la t ing  the  p o t e n t i a l  
y i e l d s  had a l l  pods been undamaged, are given i n  t ab le  9 .  P o t e n t i a l  
y ie ld  loss  was although lw i n  maize/pigeonpea in te rc rop ,  i t s  ac tua l  
y i e l d  was lower. There appeared no s i g n i f i c m t  d i f fe rences  i n  the  y i e l d  
and i n s e c t  induced losses  i n  s o l e  and in te rc rops ,  but the  land 
equivalent  r a t i o  of order  of 1.58 - 1.84indicated an advantage i n  terms 
of b i o l q i c a l  p roduc t iv i ty  of the intercropping systems. 
The BW-4A f i e l d  of the  Ver t i so l  watershed i n  which our t r i a l  w a s  
s i t e d ,  t h i s  year ,  was heavily in fes ted  with Fusarium w i l t  which k i l l e d  
many p l a n t s .  We counted the a f fec ted  p l a n t s ,  both i n  t h e  s o l e  and 
in te rc rop  pigeonpea and observed t h a t  the intercropping g r e a t l y  reduced 
t h e  d i sease  incidence. In the so le  crop we recorded 65$ p l a n t s  affected 
by w i l t ,  but 14% and 34% i n  the  sorghum and maize in te rc rops ,  r espec t ive ly .  

SURVEY - PARASITES AND PREDATORS 
We have been invest igat ing the paras i tes  and predators of Hel io th i s ,  
and t h e i r  r o l e  i n  its control ,  over the  l a s t  6-7 years mainly by surveying 
t h e  fanners '  f i e l d s  i n  d i f f e r e n t  p a r t s  of India.  An exhaustive list of 
the  p a r a s i t e s  recorded f ran  the larvae collected from d i f f e r e n t  c rcps ,  
and t h e  predators observed i n  the  f i e l d s  u n t i l  1981 can be aeen i n  our 
Prcgress Report - 8 (1980-81). 
P a r a s i t e s :  I n  t h i s  year we l imited our survey t o  chickpea and covered 
about 200 km i n  t h e  surrounding ICRISAT Center. We collectmd 4108 
H_. annigera larvae canprising of both small (1-2 i n s t a r s )  and l a r g e  
la rvae  (3-5 i n s t a r s ) ,  and observed 509 parasitism i n  t h e  small and 228 
i n  t h e  la rge  larvae.  Only hymenopterans emerged f r m  the  m a l l  l a r v a  
while only dipterans emerged f ran  the large.  Among the  hymencptera 
Campoletis chlorideae was predaninant contr ibuting 998 t o  t h e  t o t a l  
paras i t i sm i n  t h e  small larvae. The eqg and la rva l  p a r a s i t e  
bticrochelonus curvimaculatus was very ra re .  Amon? dipterans Carcel ia  
i l l o t a  was t h e  major, contr ibuting 959 t o  t h e  t o t a l  parasltisrn. Other 
-
dip te rans  Pa lexor i s ta  s p  Sturmiopsis in fe rens  and ~~,ci:1qk1ti:~.Imus h a l l i  
were a l s o  recorded but were minor. 
Predators:  In this year ,  we concentrated on the mud wasps Delta spp t h a t  
arcr predatory on Hel io th i s  l w a e .  We reared them i n  a f i e l d  cage and 
ob,qerved them i n  open f i e l d s  a t  SCRISAT Center. We a l s o  recorded anottur 
rpoc ies  ~ r i f o m e  (Fab.), i n  addit ion t o  t h e  e a r l i e r  inves t iga ted  
D. canoidem and D. caapaniforme ecuriens (Fig. 5 ) .  In t h e  mud n e s t s  
- 
oollaaad frm t h e  f i e l d s  and t h a t  C M I ~ N C ~ ~ ~  i n  t h e  f i e l d  cage, 
Fig .  Sa: Three species  of wasp found t o  prey on larvae of He l io th i s  
armigera a t  ICRISAT cen te r ,  1981-82. 
D E L T A  CONOIDEUM D. C A M P A N I F O R M E  DE PYRIFORME 
( F  A S .  ) (GMELIN) ESURIENS ( F A B . )  
b: Del ta  pvriforme (Eab. )  was? at:ackng Hel io tk is  a-n iqera  
larva on pigeor.?ee. 
we observed D. campaniforme esuriens preyed mainly upon 2nd and 3rd 
i n s t a r  Hel io th i s  larvae while the  other  two species preyed on the  
4th-6th i n s t a r  larvae. Several other lepidopteran larvae were a l s o  reen 
i n  t h e  f i e l d  co l lec ted  nes t s ,  including Plusia spp. 
We placed a f i e l d  cage ( 2 . 5  x 2.0 x 1.5 rn), containing a few 
ind iv idua ls  of each spec ies ,  on Al f i so l .  A small p a l  of water was 
provided and Hel io th i s  larvae were placed on pigeonpea p lan ts  grcwn i n  
p o t s  i n s i d e  t h i s  cage. 
The wasps were seen t o  drink water and then regurg i ta te  onto s o i l  
and make small  mud b a l l s .  Each mud b a l l  was then car r ied  between the  fore  
l e g s  and mouth p a r t s  t o  a s o l i d  surface and was used for  t h e  construct ion 
of t h e  c e l l s  making up a "nest" .  In the  cage the nes t s  were b u i l t  on 
t h e  metal  cage supports while i n  the f i e l d s  they were found on rocks,  
t r e e s  and buildings.  A s ing le  drink of water appeared t o  be s u f f i c i e n t  
f o r  t h e  preparat ion of two or  th ree  mud b a l l s  and f i v e  or  s i x  b a l l s  were 
genera l ly  required t o  construct  each c e l l .  In  t h e  cage, the  nes t s  
cons is ted  of 5 t o  8 c e l l s ,  but i n  the  f i e l d s  we have recorded up t o  U 
cells i n  a n e s t .  Most nes t s  found i n  the f i e l d  w r e  constructed with 
red s o i l .  
After  each cell is constructed the wasp then c o l l e c t s  l a rvae ,  
p lac ing  four  t o  seven i n  each c e l l .  The larvae a re  paralysed by s t ing ing ,  
pressed between t h e  mandibles and then car r ied  t o  the  nest .  A s i n g l e  q g  
is l a i d  i n s i d e  each c e l l ,  before or a f t e r  the  f i r s t  larva i s  introduced 
After f i l l i n g ,  each c e l l  i s  then sealed. Only the female wwps build 
the c e l l s  and col lec t  larvae, the males appear t o  have no role except 
i n  mating. 
The f i e ld  collected adult wasps were fed with honey solution i n  cur 
cage and lived f o r  up t o  67 days a f t e r  capture. In  the f i e l d  we have 
obsenred them apparently feeding on the nectar of flowering p lants ,  
including Vernonia sp. Each female constructed and f i l l e d  more than 
one mud nest .  The time taken fran c e l l  closure to  emergence of the young 
adul t  f ran  the  c e l l  varied £ran 34 t o  48 days for D. pyrifonne and 
30 t o  40 days f o r  g. conoideum. 
The D. campaniforme esuriens wasps in our cage were not successful 
in  reproductiun fo r  ants fed on the ce l l  contents before the adult  wasps 
emerged. We a l so  recorded predation by ants i n  nests i n  the f i e l d .  
In addition we found tha t  the parasites Chrysis fuscipennis Bruelle, 
Chryeis quaer i ta  Nurse and Stilbm cyanurn (Forster)  emerged fran the 
c e l l s  of 5 conoideum and D. pyrifonne having fed upon e i the r  the 
lepidopteran larvae and/or the wasp larvae. The adults of these 
pa ra s i t e s  were seen t o  f o l l w  the female wasps while they were construct- 
ing t h e i r  nests.  These elements obviously l imit  populations of waepe 
Md hence the  level of predation of Heliothis larvae. I t  i s  a l so  probabb 
t h a t  the  a c t i v i t y  of the wasps i s  l~mi t ed  by the non-availability of water. 
LOOK1 NG AHEAD 
'On-farm' research wi l l  be in tens i f ied  t o  understand canplexi t ie r  
of pes t s  and paras i to ids  i n  the r ea l  world s i tua t ion  and e f f o r t s  w i l l  
be made t o  demonstrate t o  the fanners an ef fec t ive  pest  management 
prac t ice  i n  t h e i r  w n  f i e ld s  with whatever ccmponents tha t  are 
avai lable  with,  and can be made available t o  them by the national 
programs, This e f f o r t  would certainly be of immediate r e l i e f  t o  t h e  
fanners f o r  they have been losing much of t h e i r  pigeonpea crops t o  
i ruec t  pes ts .  
The study on the  seasonal incidence of polyph"kO~ pests Hellothis 
and Spodoptera w i l l  be in tens i f ied ,  covering many locations under t he  
l i g h t  and pheranone trap net-work and ef f a r t s  w i l l  be made t o  study the  
r o l e  of environmental factors i n  determining the incidence of pes ts  i n  
time and space. The collaboration with the Cantre fo r  Overseas Pest 
Research a d  the  Tropical Products In s t i t u t e  of UK, w i l l  be strengthened. 
Cocperation with t he  pulse, Groundnut and Cereal Entmolqy ~ u b - ~ r ~ r a m s  
w i l l  be sought as usual. 
The pest/parasitoid canplw i n  d i f ferent  c rqp inq  systems wUch 
are t r ad i t i ona l ly  prevalent i n  the semi-arid t ropics  but not ye t  
inves t iga ted  w i l l  be studied both a t  the  research cantre and in  t h e  
farmers' f i e ld s .  
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Appendix 2. Quarterly seasonal d i s t r i b u t i o n  and annual catch o f  some important legurne borers, cereal  
and c o t t o n  pests and the  Spodoptera complex i n  a l i g h t  t r a p  on the V e r t i s o l  watersheds, 
ICRISAT Center (1981-82) 
Percent adu l t s  trapped du r ing  1981-82 seasons 
Lepidoptera legurne borers  Cereals pests Cotton pests Spodoptera complex 
June - 0.56 0.35 0.17 3.66 1.80 1.44 3.34 16.66 9.24 1.62 1.66 29.48 4 . 6  2.76 
August ( 7.09) ( 5.29) ( 0.41) (29.34) ( 5.13) ( 4.24) ( 6.57) (42.86) ( 4.91) ( 7.93) ( 1.02) (12.78) ( 6.77) (15.12) 
Septer&r- 89.91 19.68 13.68 45.05 75.20 41.21 70.81 80.65 78.23 87.71 38.62 24.75 56.98 89.78 
November (81.35) (19.24) (41.75) (51.29) (62.45) (70.36) (72.65) (56.78) (95.00) (89.65) (57.51) ( 9.12) (15.86) (68.05) 
December- 9.18 77.84 64.93 49.69 22.60 21.96 4.85 2.69 12.35 6.03 55.58 14.41 7.80 5.50 
February ( 7.83) (67.4) (44.52) (.10.17) (31.05) (10.48) ( 2.96) ( 0.36) ( 0.09) ( 0.68) (40.45) (21.81) ( 9.32) (12.91) 
March - 0.35 2.13 21.22 1.60 0.40 35.39 21.00 0.00 0.18 4.64 4.14 31.36 30.59 1.96 
b Y  ( 3.73) ( 8.07) (13.32) ( 9.20) ( 1.37) (14.92) (17.82) ( 0.00) ( 0.00) ( 1.74) ( 1.02) (56.29) (68.05) ( 3.92) 
fhnual  Catch 
(No.) 2835 7196 13002 37524 1000 4154 5603 186 4924 431 5610 5010 7708 1987 
( ) Percent adu l t s  trapped during (1980-81) seasons. 
